Graphene-modified electrode was prepared through electrochemically reducing graphene oxide on the surface of a glassy carbon electrode in PBS solution. The as-prepared electrode owns higher stability and stronger catalytic activity towards the oxidation of nitric oxide (NO). At the electrode, an oxidation peak of NO can be observed at about 1.05 V (versus Ag/AgCl), and the electrode reaction of NO is controlled by diffusion process. Under the optimum conditions, the peak currents are dependent linearly on NO concentrations in the range from 7.2 × 10 −7 to 7.84 × 10 −5 M with a limit of detection of 2.0 × 10 −7 M. The response time of the as-prepared electrode to NO is less than 3 s, and the sensitivity is about 299.1 μA/mM, revealing that the electrode can be used as an excellent sensor for the determination of NO. With further modification of Nafion, the determination is free from the interference of nitrite and some other biological substances. This investigation provides an alternate way for the determination of NO.
Introduction
Graphene, as a "rising star" of carbon material, has attracted a lot of interest from both the theoretical and experimental scientific communities since it was discovered and successfully isolated from bulk graphite just a few years ago. Graphene is a one-atom-thick planar sheet of sp 2 -bonded carbon atoms arranged in a honey comb crystal lattice, the difference of whose structure from graphite's is shown in Figure 1 [1, 2] . Graphene can be wrapped up into zero-dimensional fullerenes, rolled into one-dimensional nanotubes, or stacked into three-dimensional graphite [3] . Hence, the two-dimensional carbon material, graphene, is considered as a building block for graphitic materials of all other dimensionalities [4] . Furthermore, owing to its extraordinary fast electron transportation, high surface area, unique graphitized basal plane structure, and low manufacturing cost, numerous novel applications of graphene nanosheets have been investigated, including graphenebased field-effect transistors [5, 6] , batteries [7] , and supercapacitors [8] . Particularly, because of its excellent conductivity (1.43 × 10 4 S·m −1 ) [9] and high electrocatalytic activities, graphene-based electrochemical sensors and biosensors have recently received increasing attention in the field of electrochemistry [10, 11] , such as direct electrochemistry of enzymes [12] [13] [14] and small biomolecules detection [15] [16] [17] . Nitric oxide as an important biological messenger and effective molecule [18] plays an important physiological role in the in vivo physiological and pathological process of broad participation [19] . NO is known to be one of the signaling functions existed in the central and peripheral nervous system and in vascular endothelium, while the result of the mussy level of NO will be devastating, wich may lead to inflammatory and degenerative diseases, immune response, septic shock, and Parkinson's and Alzheimer's diseases [20] [21] [22] . Due to the importance of NO in biology, it is important to develop the methods for detecting NO. One of the most promising methods of NO monitoring is electrochemical detection using different modified electrodes. A variety of modified electrodes have been developed in recent years [23] [24] [25] .
In this paper, the graphene oxide (GO) on glassy carbon electrode surface was electrochemically reduced to form grapheme-modified electrode, noted as ERG electrode. The properties of the modified electrode and its electrocatalytic oxidation of NO in aqueous solution were investigated in detail.
Experimental

Instruments and Reagents.
Electrochemical experiments were performed with CHI 660A electrochemical analyzer (CHI, USA) with a conventional three-electrode system. The working electrode was an ERG electrode. A saturated calomel electrode (SCE) and a platinum electrode were used as the reference and the auxiliary electrode, respectively. Water used in all experiments was double distilled with a quartz apparatus. S-4800 scanning electron microscopy (Hitachi, Japan) was used for the characterization of graphene. High-purity nitrogen gas was used for deaeration in all electrochemical experiments.
Graphene oxide was synthesized from graphite according to Hummers' method [26] . Graphite was purchased from Shanghai Chemical Reagent Co. Nafion was purchased from Sigma. Saturated NO solutions were prepared as the previous literature. In detail, the double-distilled water was bubbled with high-purity nitrogen for 30 minutes to remove oxygen, and then the water was bubbled with pure NO gas for 30 minutes to prepare an NO-saturated solution. Aliquots of this saturated solution were used to prepare serial solutions of known NO concentration, using a value of 1.8 × 10 −3 M as its saturation concentration at room temperature. be described as follows. The synthesized graphene oxide was dispersed in water to create a 0.125 mg/mL aqueous solution. The bare glassy carbon electrode was polished with 0.3 μm alumina slurry, then thoroughly rinsed with double-distilled water, and sonicated in ethanol, acetone, and water (each for 5 minutes), respectively. A volume of 10 μL of graphene oxide aqueous solution was dropped on the GC electrode surface, and the electrode was dried in ambient air at room temperature to form a graphene oxidemodified electrode, noted as GO/GC electrode. The obtained electrode was dipped into 10 mM, pH 5.0 phosphate buffer solution, and five cyclic potential scans were performed in the potential range of 0.0 ∼ −1.5 V. In this process, the cyclic voltammograms (CVs) were recorded, and the typical CVs were shown in Figure 2 . In the first cyclic, a broad cathodic current peak at −1.2 V with a starting potential of −0.8 V (Figure 2(a) ) was observed, which corresponded to the reduction of C-O bond in graphene oxide [27] . After four cycles, the cathodic peak at −1.2 V disappeared ( Figure 2(b) ), suggesting that the electrochemical reduction was fulfilled and the graphene-modified electrode was obtained, noted as ERG/GC electrode.
The Preparation of ERG
Results and Discussion
Electrochemical Characterization of ERG Electrode.
The redox couple of [Fe(CN) 6 ] 3−/4− is close to an ideal quasireversible system and it was usually used to characterize the property of modified electrode. Figure 3 cathodic and anodic peak currents dramatically decrease compared with that of bare GC electrode, as shown in line b of Figure 3 . The reason may be that graphene oxide has low conductivity as a result of the existence of C-O bond, and the negative charge interface of graphene oxide largely blocked interfacial charge transfer between ferricyanide ion and electrode. Once the graphene oxide on the electrode surface was electrochemically reduced into graphene, thus formed an ERG/GC electrode, an obvious increase of both cathodic and anodic peak currents is observed as in line c of Figure 3 , indicating that the high electroactive graphene interface was formed. Compared with the bare GCE, increased redox peak currents are observed on ERG/GCE mainly due to the high conductivity of graphene.
Electrochemical impedance spectroscopy (EIS) can provide the information on the impedance changes of the electrode surface during the modification progress. Figure 4 reveals the typical EIS of different electrodes. As can be seen, when graphene oxide is modified onto the GC electrode surface, the semicircle dramatically augments as compared to the bare GC electrode, suggesting that the graphene oxide acts as a low conductive layer which makes the interfacial charge transfer difficult and the surface negative charges of the graphene oxide repel the access of ferricyanide and ferrocyanide ions to the electrode surface for electron communication as well. After the graphene oxide is electrochemically reduced on the electrode, the semicircle decreases distinctively, indicating that graphene film has higher electrical conductivity, and it can obviously accelerate electron transfer between the probe Fe(CN) 6 3−/4− and the electrode surface.
Electrooxidation Behavior and Amperometric Response of NO on the ERG/GC Electrode.
The CVs of nitric oxide at the modified electrode in the oxygen-free 0.1 mol/L phosphate buffer solution (pH 7.0) was demonstrated in Figure 5 . With the addition of NO into the solution, an obvious anodic peak was observed at about 1.05 V (versus Ag/AgCl), and the peak currents are dependent linearly on the NO concentration. Compared to bare GC electrode, the anodic peak current corresponding to the oxidation of NO increased significantly at modified electrode, as shown in the inset of Figure 5 . These suggest that the ERG can act as a modifier to realize the electrochemical oxidation of NO. The anodic peak current is proportional linearly to the square root of scan rates in the range from 0.2 to 0.16 Vs −1 with a correlation coefficient of 0.9996, while the peak potential slightly shifted to positive direction. The results suggested that the oxidation of NO was undergoing a diffusion-controlled process in low scan rates. Figure 6 demonstrates a typical current-time curve of ERG/GC electrode-applied potential of +1.0 V for successive additions of NO to pH 7.0 phosphate buffer solution. With the addition of NO, the steady-state currents can be reached less than 2 s and keep stable, suggesting a fast response time and high stability. The linear relationship between the catalytic current and the concentration is shown in the inset of Figure 6 . As can be seen, the linear range is from 7.20 × 10 −7 to 7.84 × 10 −5 M with a correlation coefficient of 0.9986. The limit of detection is 2.0 × 10 −7 M at a signalto-noise ratio of 3 with a sensitivity of −299.1 μA/mM. We also summarized some other carbon-related materials NO sensors in Table 1 with respect to the linear range and the detection limit. It can be seen that the performance of the developed sensor is comparable to most of NO sensors in literature in one or more categories. Meanwhile, the proposed sensor is simpler in preparation.
In order to eliminate anion interferences like NO 2 − , Nafion was selected and modified on the surface of ERG/GC electrode. Nafion, a good cation exchanger, is widely used as a modifier to modify electrodes in electrochemistry. The negatively charged Nafion has a high degree of permeability for nitric oxide. But it prevents the diffusion of anions like NO 2 − to the modified electrode surface [30] . In this work, 10 μL of a 0.5% (w/v) Nafion solution in ethanol was cast on the prepared electrode surface to form a Nafion/ERG/GC electrode. The Nafion film can prevent anion interferences like NO 2 − and ascorbic acid from responding at the electrode. Five times relative to NO concentration of anion interferences did not disturb the detection of NO. As shown in Figure 7 , amperometric response of the electrode after and before coated with Nafion to interferences, NO 2 − and AA, was compared. In the presence of Nafion, no response to NO 2 − and AA can be observed, as shown in Figure 7 (a). Under the same conditions, in the absence of Nafion, the response of the electrode to NO 2 − and AA is obvious, as in Figure 7(b) . So, Nafion obviously improves the selectivity of the electrode over other interfering anions. On the other hand, the electrode can be used for long time. Even after six weeks, the response signal of electrode can keep unchanged. 
Conclusion
In summary, we have prepared a grapheme-modified electrode through electrochemical reducing of graphene oxide on the glassy carbon electrode in this work. The graphene electrode gave a significant activity towards the electrochemical oxidation of nitric oxide. Interference effects of NO 2 − and some other biological substances are virtually eliminated because of the Nafion film. The prepared electrode shows fast response to NO and high sensitivity and stability and can be applied to the determination of nitric oxide. The preparation of graphene electrode through direct electrochemical reducing of graphene oxide on the substrate electrode surface can provide a new way to construct electrochemical sensing platform based on graphene.
